Carbachol depolarizes and accelerates pacemaker activity in the sinoatrial node of chicks treated with pertussis toxin.
Carbachol hyperpolarized the membrane of sinoatrial (SA) node cells from saline-treated chicks in a concentration-dependent fashion (10(-8)-10(-4) M). The rate of spontaneous impulse generation diminished in the presence of carbachol; complete inhibition (arrest) occurred at 10(-6) M. The hyperpolarization and negative chronotropic effect of carbachol (10(-8)-10(-6) M) were prevented by pretreatment of chicks with islet activating protein. Treatment with islet activating protein, which inactivates the guanine nucleotide binding proteins Gi and Go unmasked "stimulant" effects at high (greater than or equal to 10(-5) M) concentrations of carbachol. The stimulant effects included membrane depolarization and an acceleration of spontaneous impulse generation detected at 10(-5) and 10(-4) M carbachol, respectively. Because the depolarization and acceleration produced by carbachol occurred in the presence of propranolol, they are independent of endogenous catecholamines. As with the inhibition of the SA node, the stimulation by carbachol was mediated by muscarinic receptors and prevented by atropine. We speculate that the depolarization of SA node cells by carbachol, as in left atrium, may be mediated by products of phosphoinositide metabolism because phosphoinositide hydrolysis is activated at the same concentrations (greater than or equal to 10(-5) M). The ionic mechanism for the carbachol-induced depolarization and acceleration in SA node cells is not known. By analogy with results in left atrial cells from islet activating protein-treated animals, the mechanism would involve an increased intracellular Na+ activity and stimulation of Na-Ca exchange.